The purpose of this paper is to examine functional regions of the completely sequenced DNA data of Ti and Ri plasmids, based on codon usage similarity. It is shown that a successful classification of functional regions is obtained by using statistical measures of codon usage dissimilarity and correspondence analysis.
INTRODUCTION
In the previous paper (1), we have successfully qualified the completely sequenced DNA data of yeast mitochondrion by statistical analysis and found a sequence error. Recently, we have completely sequenced Ti and Ri plasmids (2-3) of which wf-dependent T-DNA transfer systems into plant chromosomes consist of foundation for construction of plant vectors and transgenic plants. In order to know the functional regions, we attempted to analyze codon usage onto vir and its flanking regions of a nopaline type Ti plasmid, pTi-SAKURA (4), by using three statistical measures of codon usage dissimilarity (CUD) and correspondence analysis based on chi-square distance.
MATERIALS AND METHODS
DNA data used and codon usage calculation DNA data of Ti and Ri plasmids which are completely sequenced (2-3) was used. By using the data, codon usage of each region (or gene) was calculated. Statistical measures of CUD The CUD between two regions was caluculated by the following three statistical measures:
. Here pi and qi are the relative frequencies of the i-th codon in a target region and a region to compare, i -l,---,m = 64, and U is the relative frequence of the i-th codon in all the regions to analyze. Note that the CUD used in (4) corresponds to (n 2 /m)CUDl, where n is the codon number of a target region. Statistical method In order to explore similarity among the four regions A(or C), B, D and E, we applied correspondece analysis (5) based on chi-square distance to 64 x 4 contingency tables of codon usage. The method is to present the four regions and 64 codons in a low dimensional (Euclidean) space. The coordinates in the reduced space are called canonical coordinates. The percentage of variance explained by each of the canonical coordinates is given. For our data, we can express the four regions in a two dimensional space.
RESULTS AND DISCUSSION 1) Target region: vir and its flanking regions As target regions for statistical analysis, we used vir and its flanking regions because of their important functions and extensive studies (Fig.l) . As shown in Table 1 , there is an inverse relationship between r (correlation coefficient) and CUD's.
These results indicate that region A(pinF-tzs) is closer to region B(virA-virE2) rather than regions D(accR-G) and E(Tiorfl65-171). This is true in region C(Tiorfl64)
although the similarity is a little bit low. As a result, vir region should be extended to A and C region as shown in Fig.l . The codon numbers of 5 regions are as follows : n,i=1486, n s =8129, n c =669, n D =2562, n£=1157. The above similarity is also supported by experimental anlaysis (4) . Table 2 . The configuration of the four regions are given in Fig.2 . The result in case 1 strongly confirms that vir region should be extended to A. The result in case 2 shows that the regions B, D and E are not so far, although C is closer to region B rather than regions D and E. This point should be examined in detail. 
